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Equatorial Spread -F
Incoherent Scatter Radar

I ,  .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . - I f . - ’ I - f r  Ir r, ,, .

In this report , we present preliminary results obtained from data
collected with ALTAIR , a high-power VHF/UHF radar , during the Wideband
Equatorial Program. The Wideband Equatorial Program is a coordinated field
program sponsored by the Defense Nuclear Agency (DNA) to study the physical
processes underlying the production of intense field -aligned irregularities
and the effects of those irregularities on satellite communication channels
that operate in the gigahert z frequency range.-~We show tha~ ’this radar is
sensitive enough for incoherent-scatter measurements as well as being capable
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~. 20. ABSTRACT (Continued)

of spatially mappin g E and F region irregularities as a function of time .
With data cQl.’lected from the operation of ALTAIR in a sector scan ~~~~ weshow that~~t is possible to determine the spatial distribution of 1-ni spread-F
irregu la~ities and their dynamics, and to relate them to the parameters of the
background equatorial ionosphere. These relationships provide a means of
critically evaluating proposed source mechanisms of equatorial spread-F. ”-
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I. INTRODUCTION

In recent years , there has been a reviva l of interest in the intense ,

field—aligned irregularities found in t 1~~~ ~quatorial F regic”i , now cate-

gorically known as “equatorial spread—F irregularities (Farley et al.,

1970; Balsley et al., 1972 ; McClure and Woodman , 1972 ; Farley , 1974 ;

Baisley and Farley , 1975; Scannapieco and Ossakow , 1976 ; and Rottger ,

1976). The impetus behind this resurgence of research activity was the

surprising discovery that radio waves with frequencies in tF~e gigahertz

range can scintillate significantly when traversing a disturbed eq uatoria l

ionosphere (Crampton and Sessions , 1971 ; Christiansen , 1971 , Cralt and

Westerlund , 1972). Since the current t rend is to move satellite C O T h t f I U f l i —

cat ion channels upward in frequency t rot: the lower UHF band into the

gigahertz range (where t h e  ionospheric effects were thought to be inno-

cuous), this discovery required serious reassessment of ionospheric ir—

regularity characteristics and their source mechanisms. Understanding

of natural processes capable of producing intense irregularities is also

requisite if we intend to extrapolate these elfects to communicatLrn sys-

tem s opera t jug in a nuclear env 1 i’~ ) i i ’j ( ’  l i t

Much ol’ the p log  ress town rd understanding t h e  
~ roduc t ion niechan i Sm of

these i n t e n s e , F’— r egi on  f i e l d — a l i g n e d  i r r e g u la  m i t  it ’s is due to  the use of

the J icama rca i n c o h e r e n t — s c a t t e r  r a d a r  (F ’ a r ley et  al . ,  1970; McCl ure and

Woodinan , 1972 ; Kcllc ’v et al  . 1976 ; \Voodi:i aii a n d La I to-i, 1976 ; M c C l u r e  e t

a l . ,  l977~ Bas u et  a l . ,  1977) . The p r i n c i p a l a d v a n t a g e  o f  the Jicamarca

radar  is  c o n t i n u o u s  measu remen t  of the elec t ron d e n s i t y  p r o f i l e  (by

i n c o h e r e n t — s c a t t e r  t e c h n i q u e )  d u r i n g  q u i e t  ionosp h e r i c conditions up  to

the  t ime of  sp read—F’  onset  and c o n t i n u o u s  m a p p i n g  of 3—rn spread—F irregu-

la r i t i e s  t h e r e a f t e r .  (Because radar b ack sca t te r  is ob t a ined  by Bragg

sca t  t e r i n g , the  .J icama rca radar , w h i c h  operates  at a radar wavelength of

6 m , is sensitiv e to electron—density irregularities of 3—ni wa velength.)

~ 
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The purpose of this report is to present preliminary results of

1—ni equatorial spread—F irregularities observed with ALTAIR , a high—power

rada r located in the equatorial zone. ALTAIR , a dedicated radar operated

under the direction of the MIT Lincoln Laboratory for the U .S. Army ,

was recently used in support ~tf the Wideband Equatorial Program , a

coordinated satellite—rocket field experiment conducted at Kwajalein

Atoll , Ma rshall Islands , and sponsored by the Defense Nuclea r Agency .

ALTAIR was operated during the field campaign for the purpose of mapping

F—region field—aligned irregularities in space as a function of time .

Its this report , we show that: (1) ALTAIR is sensitive enough to be

operated as an incoherent—scatter radar; (2) electron density profiles

can be extracted from the A LTAIR data collected during the Wideband

Equatorial Program; and (3) s p a t i a l  m a p s  of spread—F irregularities

obtained as a function of time provide a powerful means of studying the

dy namics  of those i r r e g u l a r i t i e s .

In Section II , we describe the radar , its mode of operation during

the field experiment , and the data recorded for analysis. In Section III ,

we describe the data reduction procedure used to extract electron density

profiles from incoherent—scatter information , and discuss the associated

assumpt ions  and i i ,  t a t i o n s . Prel im inary results that illustrate the

k i n d  of i n f o r m a t i o n  a v a i l a b l e  in ALTAIR data are presented in Section IV .

The results arc discussed in Section V in relation to other recent

f i n d i n g s  and to  the c o l l i s i o n a l  R a y l e i gh — T a y l o r i n s t a b i l i t y ,  a n iechanism

thought to be responsible for equatorial spread—F .

6

- .  --- - 
.
~~~~~ ‘~~~~~~~ -~



I I . EXI~E R I MENT AL CONS IDE HAT ION S

ALTAIR is a highly—sensitive , dual—frequency radar designed speci-

fically to study the physical interactions between a ballistic missile

in flig ht and its natura l environment , with pa rticular emphasis on re—

entry . The radar utilizes a 150-ft paraboloid antenna through which

simultaneous transmissions at 155.5 and 115 MB’,. can be made . The antenna

is fully steerable , a feature wh ich we show to have significant value in

the study of spread—F irregularities and one which is ~:sed to advantage

in this study .

During the Wideband Equatorial Program , ALTAIR provided three prin—

cipal support functions : (1) a means of s p a t i a l  and tempora l extra polation

between the Wideband satellite measurements of scintillation and in situ

rocke t measurements  of e lectron dens i t y  i r r e g u l a r i t i e s; ( 2 )  a measu re  of

scin t i l l a t i o n  a c t i v i t y  p r io r  to the h i gh —el e v a t i o n  passes by the  IV ideband

satellite ; and (3) h i g h — r e s o l u t i o n  measuremen t s  of s m a l l — s c a l e  i rregu-

larity structure at VHF and UHF . The firs t f unction was accomplished by

operating ALTAIR in repeated sector scans to m a p  the  d i s t r i b ut i o n  of

spread—F irregularities in space , as a function of time . In this mode ,

on ly VIII-’ data ( i . e . ,  155 .5 M h z )  were recorded. The r e s u l t s  reported in

t h i s  repor t were o b t a ined f r om the a na l ys i s  of t h a t  da ta .

The sector  scan d a t a  were obtained in wha t is called the AMTAC mode .

In this mode , the antenna was steered from west to east (geomagnetic)

in 21 discrete s t e p s . Dwell t ime at each beam posit ion varied between

10 and 20 s, res u l t i n g  in a t o t a l  scan t i m e  of 3 . 5 to 7 m m .  The A1~1TAC

scan geometry is shown in F i g u r e  1. ALTA IR is located on the northern-

mos t i s l a n d  of Roi N a m u r  in the  Kw a j a l e i n  A t o l l .  The scan was made in  a

p l ane  o r i e n t e d  p e r p e n d i c u l a r  t o  the  m a g n e t i c  nier i d i an  and t i l t e d  at  an

c’ l c ’v at  Io n ang le of 810
. The scanned  sector  is shown in F i g u r e  1 by a

shaded triangle with the locations of the first , center , and last beam

pos t ions labeled by the correspond ing numbe i’ in the  scan sequence . Also
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shsowti  are c o n t o u r s  of exa c t p e r p e n d i c u l a r i t y  be tweeti the 1 inc of  sight

f r o m  AIrI’A l hl and the  geomagne t i c  l i e l d  a t  t h ree  different altitudes .
0

Adjacent beam iosit ions were separated by about 2 .2o , wh ich am o u n t e d  t o

a total scanned sector of 15
0

.

Fo r the .-tSl’FAt’ mode , only the VHF port ion of the radar was used . A

Pitl5e~’.’idth of  30 .s (1 .5 kin range z’esi lut ion) was selected t o g et h e r w i t h

a pit lse repe t i t  ion r a t e  of -10 ~~
l

, The rece iveci signa l was detected and

l oga  r i  t h i i i i c a  l i v  iii:ipl i f ied . I)ata samples were t a k e n  at 1 , 3—lc:i r a n g e

intervals o~ er a 195—ku, exten t , wi th a start i ng  range t h at was varied

a c c o r d i ng  t o  spre ad—F’  activit y - T h e  330 da ta sar  ~,les were averaged over

20 t ransu ,  iss ionS (0 , 5 s in t egra t i on  its t i i : ~t’ ) before being recorded on

ma gnet  i c t ape . In the da t a reduction , t h e ii u i j be r > t samples were reduced

to 11 (3 by range a Vt ’ tag ing i \ ’ e i~ t Is ree c ) t )  scent i Vt-  satup les

flit- cia I a 11 ( ‘ C t  ed d u r i n g  t he \V ideba ad Eq u a t o r i a l Program are suni—

ma i’ i zed in Tab I e 1 . ,-\I,TA I H was opt -  i-a ted on ci gist is ighs t 5 in August 1977

with AM’i’AC cia ta recorded ciii ring the t inc pe i’iods 1 is ted in t h e table .

~“i  n::e A l I t / i C  data gaps occur  wi th i i i  the’ t if l iC  pe r i ods  i rich IC  a ted because

the  tls (’ of t he rac ia r I i i ~ othe i~ support luti c t ions r :en t io t ied  at tise begin—

a ing of hi s is st-ct i Of l .

Table 1

A LT AIR DATA S1 MM ,\ RY

I)ay I)a te (UT) Start I iou End Time

221 8 12 77 1053:32 1116:1-I

223 -~ 13 77 1150:-IS 1228:26

221) 8 17 77 1016 :1-I 1213:55

23)) 8 l~ 77 (1837:23 1218:57

232 8 20 77 0817:38 12 3 1:1 8

233 8 21 77 0750:2-I 123-1 : 13

235 8 23 77 08 15:19 1 2 2 7 : 1 - I

238 8 26 77 0928:20 1 2 - 1 8 : 2 7



Before proceeding to the results , the question of the magnetic

aspect sensitivity of equatorial spread—F irregularities requires some

consideration , particularly if we are to interpret spatial maps of

spread-F backscatter. We know tha t the magnetic aspect dependence of

rada r backscatter froni auroral E—region irregularities is between 4 and

10 dB per degree (Chesnut et al., 1968 ; Jaye et al ., 1969). Because of

a much smaller collision frequency in the F region , we expect spread—F

irregularities to be even more elongated along the geomagnetic field ,

and hence have a much steeper magnetic aspec t dependence .

The magne t i c—aspec t  ang le  v a r i a t i o n  over the sector scanned in the

A1~1TAC mode is shown in Figure 2. The magnetic aspect aisgles were

computed as a function of range for each anteisna beans direction using

the IGRF 1975 geomagnetic f i e l d  model c o e f f i c i e n t s .  Si nce we do not

intend to ma ke any quantitative corrections for the magnetic aspect

ang les , we have plotted only the results from every other beani position

(labeled at the top of the pie shaped sector in Figure 2). We see tha t

the zero magnetic aspec t angle contour is located at F—region altitudes ,

as intended , except for a sharp deviation around beam position 9. Over

the altitude range of interest (200 to 700 lass), the magnetic aspect

angle ranges from _O .2
0 

to +1.0
0
. Therefore, we expect the spread-F

backsca t t e r  maps  ob ta ined  w i t h  ALT A IR probabl y t o be si g n i f i c a n t l y  shaded

by the magne t i c  aspec t dependence. (This problem is less severe at

Jicansarca where the dip latitude is much smaller——2° compared to 9
0 at

Roi Namur . Fortunately , as shown in Section IV , the  spread—F i r r e g u l a r i t y

regions are generally discrete . Consequently, the qualitative morphology

of these irregularity regions should not be significantl y distorted .

10
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I I I . INCOHERENT-SCAT TE R I)ATA M~ALYS IS

The purpose of th i s  section is threef)ld: (1) to present an analysis

of the s e n s i t i v i t y  of A LTAIR fo r  i n c o h e r e n t — s c a t t e r  measuremen t s ;  (2 )  to

present  p r e l i m i n a ry examples of elec t ron d e n s i t y  p ro f i l e s  derived front

ALTAIR data; and (3) to discuss the assumptions and limitations tha t are

inherent  in the data  processing and i n t e r p r e t a t i o n . Since the purpose

of the s e n s i t i v i t y  a n a l y s i s  is only to e s t ab l i sh  credibility, the analysis

is presented in simp le physical terms. Feasibility is demonstrated by

c o m p a r i n g  A LTAIR radar parameters to those of the Chat an ika  radar , an

operationa l incohserent—scatter radar. The data reduction procedure used

to derive the electron density profiles is then described and followed

by an example . Fi na l l y , we discuss the principal assumptions and l insita—

t ions  t h a t  are imposed on da ta  col lected w i t h  the radar beans i n t e r s e c t i n g

the geomagnet ic  f i e l d  a t  r i g ht  ang les , as wel l  as those that are peculiar

to the ALTAIR data set.

A . Sens it i v i t y  Analys is

Us ing the radar equation and assuming  tha t  the s c a t t e r i n g  volume

(def ~ ned in’ the transmit ted pulsewidth and the antenna beamwidth) is

filled with equivalent scatterers each h a v i n g  a rada r cross—section

compa rable to that of an electron , we obtain an approximate form for

the received signal power caused by incoherent backseat t er  (e.g., Evans ,

1969; Baron et al ., 1976):

P j \TN
P 2 x io

22 ~ (1)

where P
t = transmitted peak power , watts

A = effective antenna aperture , m

T = p u l s e w i c h t h , s

N = electron dens i ty , el/m

H range , m.

12



The noise power is given by

P = kT A f ( 2 )
n S

—23 o
where k 1. 38 X 10 j oules - K

T system t empera tu re , °K

system bandwid th , Hz.

The ratio of Eqs. (1) and (2) gives the signal—to—noise ratio (SNR):

I’ AT
15N I

SNR —
~~

— 
~~

—
~~~~

- . (3 )
0

1- ron Eq. (3), we see tha t the radar parameters of interest when deter-

mining the radar ’s sensitivit y to incoherent backscatter are the power-

aperture produc t (P
~
A), the system tsoise temperature (T ), and the

pulsewidths—to—b andw idths ratio ( T  2 i f ) ,

The radar parameters Los’ AI FA1R and the Chatanika radar are listed

in Table 2. Using the listed parameters , the power—aperture products

f o r  ALT/JR is 8.2 ~ - 10~ w a t t s— n s , and t h e  Chatanika radar is 8.8 X 108

watts—m . That is , the signa l powe r received by A1]Y~\lR is 9.7 dB greater

than that received by the  Chatanika radar . The temperature rat io is

0.11 , or —9.6 d13 , fav oring Use Chatanika radar over ALTAIR. The final

sensitivity parameter is the pulsewidth—to-bandwidth ratio. ALTA1R uses

a matched—f ilter rece i ver in which the bandwidth is 1’T , or for example ,

33 kHz for a 30—.;s pulscw idtls . The Chatanika radar uses a 50—kil z band-

w idth to accommodate the spectrum of the transmitted pulse as well as any

Dopple r effects tha t are prevalent in an auroral ionosphere . The ratio

f o r  ALT/ilk is 9 ~ 10~~ s li-i. , and the rat to  for the Chatanika radar is

1. 3-I > lit or —1 .7 dlt , favor ing the Chatanika radar.

13



Table 2

CUIIPARI SON OF RA DA R SYSTEM CHA RACTERI STICS

Parameter ALTAIR Chatanika

Frequency, MHz 155.5 1290

Peak Power , MW 10 4

I’ulsewidth , us 30 67

Antenna :

Diameter , m(ft) 45.6 (150) 26.8 (88)

Beaniwidth (deg) 2.8 0.6

Gain , dB 34.7 47,1

Effective Aperture , m
2 

820 220

Temperature , K 992 110

Polarization RC/LC RC/LC

Combining the above numbers , the SNII of ALTAIR compared to that of

the Chatanika radar is

ISNR A\ 9.7 — 9.6 — 1.7 dB
10 log

10 
(-1)

= -1.6 dB

Based on the l i s t ed  r a d a r  parameters  in Table 2 , ALTAIR is only 1.6 dB

less sensitive than the Chatanika radar lor incoherent—scatter measure-

ments. However , the’ comparison was made with ALTAIR having approximately

one—half the pulsewidth of the Chatanika radar. We therefore conclude

tha t ALTAIR is easily capable of making incohe rent—scatter measuremeists.

(It might be of interest to note that Use Jicamarca incohereist—scatter

radar is approximately 8 dB more sensitive thais the Chatanika rada r

[Evans , 1969]).

B. Electron 1)eissity Profiles

The basic data reduction procedure necessary to derive elec ; ron

density profiles frois iiscohserent—scatter data is straig htforward : (1)

recorded data must be t ime—avei’aged to reduce statist ica l variations:

14 
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(2) the mean noise power must be estimated and subtracted from the

averaged data; and (3) the residual that represents the average received

signal power caused by incoherent backscatter must be multiplied by a

scale factor to convert signal power into electron density. The last

step is usually m ore complicated because spectral information must be

convolved into the calculations to account for variations in signal power ,

primarily because of variations in electron and ion temperatures (for

details see Evans , 1969). Each of the above steps , however , usually

differs in detail from one radar to another , depending on various factors

such as radar parameters (e.g., operating frequency ), desired modes of

operation , and the altitude regime being sampled .

As described in Section II , the recorded data consist of 20—sa~nple

averages of the log amp litude (of the received signal—plus—noise), ordered

in range , for a specific radar beam direction . Because the recorded data

are already subaverages of the log amplitude , no attempt was made to

“de—log ” the data before further averaging . Instead , furthe~’ averaging

was done by direct summation of the recorded subaverages . Since we are

interested in the average power , we need to know the relationship of

the average of the log amp litude to the average power. We show in the

Appendix that the average of the log amplitude of a Rayleigh—distributed

(i.e ., noiselike) signal is related to the average power by a deter~siim sist ic

constant. Therefore , on the assumption that the received signal was

passed through a “perfect ” logarithmic receive i’ , Use averaging procedure

described above should produce the desired results .

An est m a  te ~l t Ise - -: ‘n noise Isower is usuall y obt aimsed by a t’erag ing

the received i~o~ver dul’ i mig a p o r t  ion of the imU erpulse period that is ti ot

contaminateci by Si gm 1 u i  its terfcretscc of a ny  kind . Because of the

1 in i ted ra,io (- extent C OV ( ’  m c i i  by t h e  AI ’I ’ -\ I I I  data window ( 195 k s’ i)  , a ‘ ‘ clean ’’

noise saniple is usual lv not at-a Liable . For out’ bc-st est u - a t e  , wu have

selected data satsiples i n  the a l titude intervals 130 to 180 kr and above

150 km as the “noise ” samples . The noise samp les are probably reason-

able fo r  a q u i e t  n i g h t t i m e  ionosphere when there  is no F 1 l aye r  and where

the electron density above -150 km should be very s m a l l . Under disturbed

conditions , the samples above 450 km can be in error by a substantial

amount because of the presence of spread—F backscatter at those altitudes .

15



011cc the meats noise power is subtracted from the averaged data , the

residua l tii ust be multiplied by a scale factor that includes all constants

such as the radar systetu constants and the relationship of the average

log amplitude to average power. In principle , the scale factor can be

u lt - i e -m- ’ uti ed directl y frottu the data since the data is absolutely calibrated

i i i  dilam . In practice , it is probably more reliable to determine the scale

tac t - e r  by uu slts g the foF2 value obtained from simultaneously recorded

t - ’ i - ’ ,.,rai - s . Because foF2 values were not immediately available for this

-ut - l it m ary arsalysis of the data , we calculated a scale factor based on

s i - i r u n a l t - ~l~ value of 8 MHz (a typical midnight equatorial ionosphere)

su m - u t  . u -  I t ed  this scale factor to all data sets .

it s the (-os-ipu tat ion of electron density profiles from ALTAIR data ,

t h e m - t -  is no cos p e u s s at i o n  for temperature variations with altitude or as a

l u m i c t i o n  of Utsie . This deficiency is discussed later in this section

otu t - r(- r( ’as l u i : l b le  argutilents are presented that suggest tha t the errors

m t  roduced by lb us or ission are acceptable for our itismediate ( pr e l i m i n a r y )

10 i’~~~l 1 S t - S

Ais example of ams electron density profile derived using the above

procedure is shown in Figure 3. The data were collected on 13 August

1977 under quiet ionospheric conditions——i .e., no spread—F . These data ,

like all others (except for two isolated data sets), were obtained with

the radar beans directed exactly perpendicular to the geomagnetic field

at I- -region altitudes . Therefore , actual verification tha t incoherent—

scatter (rather than semicoherent scatter) returns are be i msg received

m u s t  await analysis of the data takeis at off—perpendicular angles.

The example sh ciwn in Fi gure 3 represents a profile derived from data

averaged over 10 s, at a fixed beani position . Severa l features should be

noted . The profile above 200 km is very similar in shape t o  the nighttime

equatorial F’S, layer (Bowles et al ., 1963; F’arley et al ., 1967). We show

in Section IV that profiles obtained by the above—described method are a

characteristic feature in all the data and they also move in altitude and

change in peak value as expected of Use nigh t time F9 layer. The large

spike at 11)5 kin is a sporadic—E layer where the peak -lectron densit y ”

is more l i k e l y  to be a result of scattering froi~i a gradient or elect rots

(l (-sisi ty irregularities.
16
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FIGURE 3 EXAMPLE OF ELECTRON DENSITY PROFILE COMPUTED FROM ALTAIR DATA

F’ imsa 1 iv , t ise dashed c u r v e  labeled as be 1 ms g p ropor  I i m i  to ram sge

squared r epu ’ -set i t 5 a r i ( - a s i m r ( ’  of t h e  ii i  i i i s . : n  detectable signa l for the

in tegra t i ots t i tn e used . Tise Cu rt-e actual lv corres 1)1)t~d5 t I  1 29() t Is the

value ,m t the r:ca a noise taIwe r rim It i p1 i ed b~- range squared . Whenever the

residua l value after m uui se subt rat -I ion  was negativ e , it was reassigned

the above va 1 tm (’ so as f l u  h a v e  a reasonable log p 1 ot of the profile . The

large t imi ct u ma t ions  in  t h e  pro f ile about this curve its the alt itude inter—

Va Is l3() to 18(1 km and ab o ve  15(1 km is caused by the stat ist teal nature

of the (tat a . flees 11 that the n i t - a n  noise- level itself is compu ted from

data i i i  t h e s e  a It m t ilde im sterv a is because no separate noise samp le was

a kem i dim ring t he ope rat ion , I l l - the same rca sons t h e  S t  rite lure iii the

topside o f  tlse F,, layer seen its Figure 3 is also believed to be caused

by s tatm s t mcmi i f l u c t u a t m ~~tus .

17 
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C. Principal Assutaptions and Limitations

When radar backscatter data are obtained with the radar beam inter-

secting the geomagnetic field at right angles , severa l effects must be

accounted for before the range—power profile can be interpreted in terms

of electron density . At frequencies as low as 155 M h z  (that used by

ALTAIR ), the foremost corssideration is contamination of incoherent—scatter

returns by semicoherent backscatter from field—aligned irregularities.

Because there is no simple way of discrinuinatimsg incoherent from semi—

coherems t returns , the system constant tha t relates received power to

electron density must be calibrated with data taken at sufficiently large

off-perpendicular angles . Any data taken at exact perpendicularity can

thems be interpreted in terms of incoherent—scatter returns and converted

into elec t ron density profiles . When setisicoherent backscatter echoes

are preseist , such prof iles cannot be s imn p l y related to electron densities .

For the backscatte r returns tha t are from imscoherent—scatt er , we

m ust c o n s i d e r  wha t 3tlser assunipt b u s  a i’e necessary to estimate the true

electron density l)rofile from the data. It is well known tisa t power

t iueasurements  m u s t  be supp lemented  liv spectra l measurements to correct

for I)ebve length and temperature effects . .-\t 155 MII z , I)ebye l e n g t h  effects

are entirely m segligible for tlse electron densities of interest. Farley

e t a I . (1 ¶167) have sh own t h a t t h e  elec t ron — t o— m om s tempera t ure ratio ( the

pa u’ansetem ’ o f  interest) is virtuall y unity its the nighttime equatorial

ionosphere . S ince the \V idebamsd—re Ia ted opera t ions of ALT~ 1k were all

conduc t(’d well after sunset , there is good reason to assunse tha t the

ten perature r a t i o  is also nea t’ u n i t y  over Kwajalein .

II t lie tern pe rat ti re ra t i o is i msdeed unity , 1-a ri ey e t a 1 . ( 1961 )  h a v e

shown theoret . teal ly tha t tlse total power that is backseat tered is

u m i a  1 t ered by the niagmiet ic lie ld . On the other ha mid , i f the I enupe rat imre

ratio is not unit s - , Farley (1966) has shown t isat the total backscaltered

power can be enhanced up to  a factor of  two when the radar beam is

directed normal to the geornagmsetic field h u e s .  Baron and Petriceks (1967)

experimentally confirmed the theoret ica l resul ts of Fa :~1 cv (1966 ) . It i s

not clear how large an eushancement would occur using a radar with a 2 .8°

18 
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beamwidth . Pineo et al . (1963) found sli ght but negligible enhancement

(relative to their experimental accuracy) whets usiisg a 425—11Hz radar
with a 2.2

0 
beanmwidth and an 800— ,is pulsewidtls . Thus , we cats probably

neglect this effect its interpreting ALT A IR aata .

19
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IV . ONE—METER S’~REAI)-F IRREGULARITIES

In this section , we present examnples of 1—mis spread—F irregularities

observed with A I T A I R  operated in the AN TAC mode . Examples have been

selected to  illustrate the usefulness of the results for determining:

(1) the spatial distribution of 1—rn spread—F irregularities ; (2) size ,

shape , and orientation of irregularit y regions ; (3) east—west (geomagnetic)

and vertical velocities of 1—mum irregularities ; amid (- -1) li leti msie s of irre-

gularity regions. The feature of particular interest in these results

is the ability of the radar to nseasure the background electron density

profile in tlse presence of spread—F backscatter. This feature is discussed

in more detail in the following paragraphs.

Backseat ter prof iles from the first examp le are showms its Figure 4.

The format of each p r o f i le  is identical to the  electroms dem isity profiles

presented us Section III . That is , all of the backscatter profiles have

been cal ibrateci in strength as though tisey were caused liv imscoherent

scatter. Hence , the prof iles slsowus in Figure -1 (and other sins ilar profiles

to be presented in tlsis sectious ) are given in term s of a ppa rent electron

dens ity , but should be m t  erpreted as st  remsgtls of backseat ter above the

background incoheren t —scatter levels , as discussed in Sec t ion III. This

fortisa t is identical t o  that used fo r  the 50—MIli results from th e J icansarca

rada r and provides a conven t e n t  amid absol ute means of comparison with

other results . This forniat and its interpretati on are fimrt her clarified

in following discu ssions .

The profiles shown its Figure -3 were taken at di ff erent beam Positions

during a sing le west—t o—east scan on 23 August 1977 . C’oisvem sient lv , local

t ime lags Umsiversa l time (IT) by 12 hours . Therefore , the Universal

times given cams be read directly as local time in the postnoon sector .

The nuiisbers in the uppe r right corner of each panel refer to the radar

beam Position . The first profile (taken at the  nuost westwa rd beam position )

is very similar to tha t presented in Sectious Ill amid is interpreted as

20
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the nighttime F layer with no spread F present. (The sporadic—F layer

at approxinuately 100 tan altitude is a feature comrnsson to all the profiles

its Figure -1 . Its peak value is not necessarily associated with a real

electron density of tha t concentration and is probably caused at least

partially by setuicoherent backscatter.) In fact , the first four profiles

are very similar , which indicates quiet cousdit ions in the F—region

iomsos p here to  the west  of the t siagnet ic m e r i d i a n .

E xamin ing  the remain ing  p r o f i l e s  in F igure  4, which were taken near

the east end of the scams , we cams see tlse appearance of enhanced back—

scatter (i.e ., above the backgroutsd F layer values) on the bo t tomside of

th e F layer. The peak value ol’ these spread—F echoes (beans posit ion 19)

can be seems to a pproachs two orders of magnitude (i.e., 20 dB) above the

imseoherent—scatte r level. A feature to usote its the profiles is the

stability of the background F’ layer . The fact that all profiles are

essentially identical in shape and peak value (even those that contain

spread—F) further supports o u r  tusterpretat u Ofl of the background Prof i le

as the nuean F—layer electron density Prof tie .

To visualize the s p a t i a l  s t r u c t u r e  of tise region c o n t a i m s i n g  1—rn

spread—F irregularities associated with the profiles in Figure -1 , a

contour n s ap  of backscatter intensity comsstructed from profile data from

all 21 beans positions is shown in Figure 5. The values of the contours

begin at l0’~ el cs:!
3 

and increase its decade steps . (N o  attempt has beets

nuade to correct for the variat ion its the nsagm set ic aspec t angle in the

niaps . See Sec t ion II .) The snsa 11 patch y l0’~ cots tours at the top of the

map are produced by the noisim sess of the data at those altitudes . ‘rise

horizontal dashed line represents the altitude of the F—layer peak .

Two features are worth isotiusg in the contour map shown in Figure 5:

(1) the isolated and discrete nature of the spread—F irregularit y regioms ,

and (2) the constant altitude of the bottonsside of the F’ layer as rep—
5resented by t he  10 con tou r .  Ra th er t h a n  h a v i n g  an iossosphere f i l l e d

randon sly bu t  u n i f o r m l y  w i t h  these i r r e g u l a r i ty  r e g i o n s , we observe a

single backscatter region . If they are indeed di st ri~iutecl as  desc r ibed ,

their spa t ial separa t ions suns I be cut the order of 200 km or - - c s i - t- . Tu e

22
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23 AUGUST 1977
1159: 01-1204 :04 UT

400 km

\ FL A YE R  PEAK 
- -

10~

,‘!~ -

0

FIGURE 5 CONTOUR MAP OF ALTAIR BACKSCATTER INDENSITY
CORRESPONDING TO THE BACKSCATTER PROFILES IN
FIGURE 4

geousset ry  of t h e  i r r e g u l a r i ty  reg [Oil sisown is t h a t of a field—al igised rod

w i t h  a t ra tssverse  c r o s s — s e c t  i ous a p p r o x i m a t e ly  30 kiss its d i a t si e t e r . The

a 1 t i t ude of t lie F’ — I a v e r  Ins t  t 0mg ide ( 10 ” ci cul cots to tu  r )  is 210  Icss , cons—

pa i’e(l to 22 ( 1 k~, t o t ’  t he  q u i e t  — I isne pro f  i le slsowts i t s  Sect iomi I I I  - F u r t h e r —

l i t  , t l ie ho t  I osns ide g r a d i e m s  t s  its  t h e  pt’of i les sl sowm s i t s  I- i gu u r e  - t do t l ! ) t

su p s i c a r  t o  be s i g n i f  i cau s t l v  d i  I I e r e m i t  fr ou si  uh i e  p rof  i i  e i ts  f i g u r e  3.

S l i d - u - exasssple of  d i s c r e te  1—i : : sp read—F’  i r r e gu u l a r i  t v  t’e~ iotss is

sis own i t s  F’ i gure  6 . ‘l’he forss sa t is  id ems t t e a l  s o  tisa t shsowms its i - i  gore 5 ,

t - x c u - : i  t t h a t  t h e  range  now ex tends  up to Sl i t )  kiss s-a them ’ ths an  400 kiss . We

h a v e  supp  u -es sed  t lie 10 ’ cots t o u r  on I he t o p s  ide of the  F 1 ave r  to  m a s k  t h e

1 t ’ ( S ( F i C (  1 ) 1  ti O I St  sa I ches . I n s t  cad  01 Otse rod—h ike  s t r ime t nrc )t i t lie

hot s o s  ~ id e  o f  t lse F’ l ay e r , as in  t he  Pr C~’ioui S u -a se , we see a s l a b — l i k e

s t  rue  t n rc  ots t h e  I ) it  t otss s ide and  ii ss:!a 11cm ’ rod — 1 ike s t r u e  t ore i t s  tlse t 1) 3 )—

s i tie I I  the F isive m’ . ‘rIse b , s c k s c z u  1 t e l ’  t ste iss  i t  v frotss both reg i oti s a s’e a t

l e a s t  10 dB grea  t - r  t h a m s  t h a t  i n  t ise p r e v i ou u s  e x a m pl e  - ‘ris e bot t on i s ide  of

t h e  F’ 1 :~y e  r i s  aga its a t  a t i  u - t u a  11 ~ c on s t a n t  a l t  i m d c  its t h e  s e c tor  west
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26 AUGUST 1977
1242:49- 1247:34 UT

500 km

FIGURE 6 CONTOU R MAP OF ALTAIR BACKSCATTER DEPICTING A
SPREAD-F STRUCTURE TILTED WEST FROM VERTICAL ,
AND ITS SPATIAL RELATIONSHIP TO THE PEAK ALTITUDE
AND BOTTOMSIDE OF F

of the magnetic usseridian. The altitude of the bottomside of the 1- l ayer

in this more disturbed example is 270 1cm , 30 kiss higher than tha t in the

previous example.

The f e a t u r e  of p a r t i c u l a r  ims te res t  its F igure  6 is the t i l t e d , sl ab—

l ike  i r r e g u l a r i ty  region . As discussed in Section V , t h i s  m a f)  is the

first actual confirmation that such geometrical structures exist in the

equatorial ionosphere . Its existence , however , has been inferred

previously by other less direc t means. Its cross—section transverse to

geomagnetic field l ines (as shown in Figure 6) is 30 by 150 lass with a

tilt of approximately 45° west of vertical. Note tha t siisce the scan is

from west to east , a more isotropic backscatter region would have to be

drifting eastward and downward at hig hs velocities for the shape to be a

tempora l effect caused by finite scams t inse .
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H aviu sg  de tsuons t ra ted  the v a l u e  of ANTAC scans for determining the

s p a t i a l  d i s t r i b u t i o m s  of i r r e g u l a r i t i e s, t h e i r  s i ze , shape  and o r i e n t a t i o n,

we p r e sen t  a t h i r d  exatsiple tha t  i l l u s t r a t e s  the  v a l u e  of repeated ANTAC

scauss for extraet imsg irregularity drift velocity transverse to the geo-

magnetic field . Four contour maps comsstructed frotss sequerstial AIsITAC scans

oms 26 August 1977 are shown in F i g u r e  7 . ‘l’he ionospheric conditions were

more disturbed thsan u s previous examples , as implied by thse more wide—

spread  presence of b a c k s c a t t e r  reg i omis . T h e  b a c k s e a t t e r  i n t e n s i t y  is

cot iu p ar a b l e  to  t h a t  in  F igure  6 .  As b e f o r e , we no t e  tlsa t these even more

d i s t u r b e d  c oi s d i t i o n s  are assoc ia ted  w i t i s  a b o t t on u s i d e  of the  F l aye r

tlsa t is h i g h e r  tham i  th ose observed its t lse two p rev ious  exatssples .  Here ,

we h ave  bo t tol ls s ide  a l t i t u d e  tha t is above 300 1cm , a t  l e a s t  30 kiss h i g her

t l s a m s  in  tlse p r e v i o u s  exatsup le amid 60 lass I s igher  t l sami in the  f i r s t  example .

The i r r e g u l a r i t y  d r i f t  v e l o c i ty  cams be i m s f e r r e d  by s c a l i m s g the

spa t i a l  d i s p l acemen t  of s i m i l a r  fea t t i res t h a t  a p p e a r  i n  succeeduisg f laps

amsd d i v  id i m ig t ise sepa r a t  ion di s tamsee by t lie its t e rniap  pe r~ i od .  Severa l

fea t it res can be idea t i f  ied in thse t u a p s  its F i g u r e  7 , a l l  sh o w i n g  by t h e i r

(I i s p laeetssents  I t s  t h e  r i g h t  u s  succeed ing  sna ts t i s a t  thsere  is a geiseral ly

ca s tw a  rd (hr  f t  . ‘fIse d r i f t  appea r s  to be a pprox i isi a t e l  y 60 to 70 ii i  - s

Vt ’m -t  t e a l  ( l i ’ i t t , i f  presen t is sma l l  emsougi s t h a t  i t  is not a p p a r e n t .

We can ( - S t  i m s l a t e  thse r ange  of vu loc i t ies ths s s t cams be e s t i m a t e d  by

thi s t e c h n i q u e  i f  we assum e t h a t  the l i f e t i t s s e s  of th ese i r r e g u l a r i t y

regions  a re  lomsg enoug h . F’or exam ple , a t  300—1cm a l t i t u d e , t he  nsap covers

a t r a misv e r s e  d i s t a n c e  of ap p r o x i n u a t e l y  300 lass . Thets f o r  an i n t e r n i a p

p e r i o d  of 5 ns its , we eons pu t e nu ax imum eas t  —we s I v e l o c i t y  of 1 km/s . Since

e a s t — w e s t  t h r i f t  v e l o c it i e s  a re  u s u a l l y  of t h e  order  of 100 ni ’s (e . g . ,

lVoodtnat s , 1 9 7 2 ) ,  a l l  e a s t — w e s t  ve l o c i t i e s  of  i n t e r e s t  cats e a s i ly  be

e s t i m a t e d  by t h i s  t ecisn ique , p rovided  t hsa t the l i f e t in u e s  of the  i r r e g u —

l a r i t  t es  are g r e a t e r  t h a n  the  i n t e r m a p  period . Th i s  seems t o  be the case

i f  a l l  i r r e g u l a r i t y  regions behave as those in Figure 7 .  V e r t i c a l  veloc-

i t i e s  o f  i n t e r e s t can a l s o  be estimated by this t ecisusique provided there

is m e a s u r a b l e  v e r t i c a l  d i s p l a c e m e n t  in t h e  s t r u c t u r e  be fo re  i t  d r i f t s  ou t

o f the scanned reg i on .
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26 AUGUST 1977600 km

(a) 1111:16-1116:35 UT (b) 1117 :21-1122:35 UT

~~~~

Ic) 1123:1 6-1128:20 UT (di 1135:Il—I14~:35 UT

FIGURE 7 SEQUENCE OF AMTAC SCANS SHOWING THE EASTWARD DRIFT OF 1-rnSPREAD-F IRREGULARITI ES
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V . D I S C U S S  ION OF RE SULTS

In this section , we discuss the results presented in the previous

section in the context of experimental results of other researchers and

with the collisiona l Rayleigh—Tay lor instability as the mechanism res—

pomssible for equatorial spread—F’.

First , it is desirable to “calibrate” the ALTAIII resimlts obtained

at 155 MH z with those obtained with the Jieaniarea radar at 50 111hz. By

calibrate , we ussean to establish a relationshsip between spread—F observa-

tions by AI~TA I1t aisd by the Jicamiiarca radar. Tise differemsces are presutised

to be caused by the wavelength dependeisce of the spread—F irregularity

speetruuni . More  specifically , we wisis to deteiisiiuse whether the backscatter

observed w i t h  A LTAI R is associated with “weak” or s t r o n g  spread F as

seen a t  50 11Hz w i t h  the J iea m siarc a r ada r .  Th is a s soc ia t ion  is inspor tant

since a sign ificams t portion of the data base that constitutes our know-

ledge of equatorial spread—F’ is derived frouu Jicamarca radar observations.

Balsley and F’arley (1975) have defined “weak” spread F at 50 11h z

to be backscattem - tha t is generally less than 20 dB above imseohereist—

scatter levels. They simggested t hsa t weak spread—F ’ echoes are caused by

partial reflections fromss the steel) botton -side of the nig hsttinse F layer.

In their gradient backscatter model , the rece i ved power is found to be

proportional to the sixth power of the radar wave lemsgth . If their

model is correc t , the backscatter it sten sitv at 155 lUtz f rom the  same

g r a d i e n t  should be 29 dli wea ke r t h a m s  t h a t  a t  50 11hz . By t h e i r  dci m i t  ion

of “weak ” sp read—F’ , cor responding  backsea t  t e r  at 155 MHz wo uu ld be be low

i n c o h e r e n t — s c a t t e r  levels . Therefore , u t st i l  othe r evidence becotuses ava i l -

a b l e  to judge  o the rwise , we in t e r p r e t a l l  spread—F’ backscat ter  observed

w i t h  A LTA I JI to  be assoc ia ted  w i t h  “strong ” spread—F backscat ter  at 50 MHz .

I t  u s  of  i n t e r e s t  in reference to our i n t r o d u c t o r y  remarks t h a t  “weak ”

sp read—F ’ does not appear to be associa ted w i t h  s c i n t ih l a t i o n s  a t  g i g a h e r t z

frequencies (Basu et a l .  , 1977 ; Mo rse et a l .  , 1977).
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A m s o t h e r  crude  coisiparisoms can be made between the backsea t t e r  in ten-

sities observed by the two radars . F’arley  et al . ( 1970) s t a te  tl sa u

backseat  l e t -  a t  50 11h z has  been observed to reach 70 to 80 dli above

i n c o h i e r e m i t — s c a t t e r  levels .  Oti the o ther  hand , the h i g h e s t  va lues  p u b l i sh e d

are on t ise order of 50 dli . F’rom the ljttt i ted a nu o u u s t  of AL’rAIR data

analyzed thus far , we hsave seems examples of backscatter tha t reached

30 dli above i n c o h e r e n t — s c a t t e r  l eve l s .  A 20 dli d i f f e r e n c e  its b acksca t t e r

im stensity would give a wsi t-eleisgth depemsdeisce of approxituiately X
1
, If we

use Use tnaxim tuun i difference in s igna l st r eng t l s  of 50 dli , we o b t a i t s  a

wavel emsgth of’ a pp r ox i t s i a t e ly  X 10 . Am i a l y s i s  of da ta col lected d u r i m s g

sin s u l t a n e o u s  observat iors s of spread—F’ backsca t t e r  a t  155 and -3 15 111hz

w i t h  ALTAI R ( d u r i n g  t h e  W id eband  E qu u a t o r i a l  Progratn ) should be u s e f u l  its

ob t a i m s i n g  a b e t t e r  e s t i m a t e  of t h e  wave leng th dependence of the snsa l l—

scale i r r e guu l ar i t i e s  associa ted  w i t l s  e q u a t o r i a l  spread F’ .

One of the usios t m t  r i g u i n g  f e a t u r e s  of the d i s turbed  equa tor  i~ I

io us osphseu ’c is the  ex is tence  of pl a sma bubbles ” t h a t o r i g i n a t e  in tise

bo t tomside of t he F’ l ayer  and appear  to perco la te  up throug h the F—i a e r

peak to t h e  tops ide (e . g .  , Hanson and Sana t a n  i , 1973) . P 1 asnia bubbles

a p p ear t o  be m t  i n i a t e l y  r e l a t e d  t o  e q u a t o r i a l  spread—F , g i g a h e r t z  s c i n t i l -

la I ioiss aisd ‘‘ pl u n u e—l  ike ’’ s t r u c t u r e s  observed in ram l ge—t u t s i e — i n t e t s s i t v

RT I )  nta ps ituad e F rotsi ,J i catna rca r a d a r  da t a  (Woodma m s a msd l.a Ho-i. , 1976

McC l ure et a l . , 1977) .  l ’ l as ss sa  bubbles are cha r a c t e r i z e d  by d e p l e t ion s

iii e l e c t  rots deiss i t  y b~’ as iii um e hi  as t hi ree orders of nuagn i I t ide below t lie

anub i ent lev e ls . These pl asm si a b u b b l e s  are l i k e l y  to be de~s l e t i o t s s of

e n t i r e  geonuagne t i c  f l u ix  t ubes . ‘l’lse re is evidence t h a t  r ada r  b a c k s c a t t e r

occ urs  f rom regions of s teel )  elec t roms d e n s i t y  g r a d i e n t s  J )r e suut s l ab ly

assoc i a t e d  w i t h  t he  w a l l s  of’ p l ast i s a bubbles (Morse et  al  . , 1 9 7 7 ) ,  a rsd

pe rhaps  a l so  w i t h  t h e  del) let ed reg ions where h i g h l y  st r u c t u r e d  electron

d e n s i t y  f l u c t u a t ions have beets observed (McClure  ct a l . ,  1977) .

Thus fa r , we have  not  observed depleted regions in the elec t ron

d e n s i ty  p r o f i l e s  ob ta ined  from ALTAI R da ta . Sinc e plasma bubbles are

l a r g e — s c a l e  s t ru m c t u r e s  (of t h e  order of 100—kns d inte n siom s t ransverse  to

t h e  geomagnet ic  f i e l d ) ,  it is not a ques t  ion of rada r r e so lu t ion .

Instead , it is  likely tlsa t t he  b a c k s c a t t e r  t h a t  corresponds to the  spread—F
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i r r e g u l a r i t y  reg iomss is coincidemi t in space w i t h  the p l as muu a bubbles , amid

tha t sp read—F’ backsca t te r  is s t rom sg enoug is to f i l l  in amy depletions in

t h e  e lec t ron  d e n s i t y  p ro f i l e s  tha t  would have been derived irons incoheren t—

sca t t e r . In o the r  words , the absence of dep l e tions  in the elec t ron d e n s i ty

p r o f i l e s  ob t a ined  w i l l s  Al ’l ’AIR ts lay i t sspl y thu t 1—m u irregularities are

present  everywhsere w i t h i n  a plasu sia  bubble . I t  is 1)ossible and would  be

h i g h l y  p r o f i t a b l e  to dete rm su ims e wh etl ser  d e p l e t i o n s  cams be d e t e c t e d  w i t i s

ALTAI II  by imseohereus t s c a t t e r  when the  rada r beaus is scanned (a t  s i g n i f i -

c a n t ly  o f f — p e r p e n d i c u l a r  am sgles  to the  g e omuu agm i e t i c  f i e l d)  across tlse

satsie u t s a g n e t i c  f l u x  tube  tha t i s  p r o d u c i n g  sp r e a d— I ”  b a e k s c a t t e r .

The gene r a t i o n  of r i s ii sg  plasma buubbles is believed to be caused by

tise collisional Raylei gh—Taylor imistability (e.g., Scamsnopieco ausd Ossakow ,

1976). The instabilily growths properties are cons istems t withs tise obser—

vation that spread—F’ tends to  occur  whse ms the  1-’ l aye r  i s a t  h igh  a l t i t u ,udes.

F’arlc’y et  al . (1970)  have  r e p o r t e d  ams a l t i t t u d e  t h r e s h o l d  f o r  t h e  occurreusce

of spread F’ to be greater thams 350 kiss d u r i n g  Sunspot uslaximuns amid greater

hsan 250 kni d u r  imsg su nspot  nu in  i s i : s s s : i  , .-~s described its Sec t ion IV , the

elc’c t rots dens u l v  pro f i li’s derived f s un: Al~T~\ 1k data a re  eoussis te is t w i t h

the  results of h a rley Ct al . (1970) amid wit is the theoretical nsodel . We

have fouisd t lsa t a t  q u i e t  I it su es tise bo t i omu s s ide of t lie F’ layer is about

220 kis s . 1I i  g li e r  a l t  i t  tides lsave beets fo u um i d ~o be assoc i a ted w i t h  corre s—

pom id i n g lv  h ighe  r s pread —l ” ac t  i v  i s  v - The i ise rease in a l t  u I t ide of I Ise

bo t totsis i (he 5)  F I lse F’ I a v e r  f rotus 22(1 kiss t o  tssore t ls ai s  300 lass r epre sems t s a

f a c t  or 5 ) 1  t suore t h ams t W ~ dee t’ease u is t lie i oms—mseu I ra 1 coil is ion freq u i emscv

a 3u a r au s s e t e r  wlsose i m s v e r s e  v a l u m e  is d i r e c t l y a s s o c i a t e d  w i t h  i m s s t a b i l i t v

g r o w th  r a t e  amid v c r t  ica I rise velsuc i tv s t  I lie p lastsia bu bbles . Ossakow

amid C h a t u rv e d i (1977 )  h a v e  sh owm s t h a t  dra ts i a  t i c  imscreases  in  bo th  growth

r a t  ( and v et -ti cal  b u b b l e  vi’ b c  it it’s c:ums be obta i ned by decreasing the

i on —m s eu t ra 1 coil  is  i oti f r equency  by a I s u e t  or of two .

Iii th a spec if med alt i tuide lot ’ t hue bot t osns ide of the 1- layer and an

as soc ia ted  g r a d i e n t  , tlse lay leigh—Tay lom’ i n s t a b i  1 i t v  p r e d i c t s  a f i x e d

g row t h  i -ate . I f  (l ie  J) e r t u r b a t i s -u m u s  ot  e l e c t  rots demis i tv r e s p o n s i b l e  for

t h e  produc t ion of plasma bubbles are initiated by thenssal fluctuations

of the  p l asma , we wouul d expec t p la sun bubb 1 es to be ~~~~ i f - u  mm: l v di  st ri but ted 

- -- -~~~~- - - -  - ‘-~~~~~~~~~ - - _ - -



ausd to occur at spatial intervals much closer than the observed intervals

on the order of 200 kns (see Section I V ) .  Cl early , if the i n i t i a l  per tur—

ba t ions  are much larger than thermal  f l u c t u a t i o n s , t h e i r  spa t i a l  and

temporal patterns will control the distribution of plasma bubbles.

Exatsijnatioms of published data on plasma bubbles and electron—dens ity

depleted regions indicates that they typically are distributed 15 mm to

an hour in t inse and 100 to 400 km in hor izontal  dis tance . The ALTAIR

ma ps presented its Section IV are consis tent  w i t h  the above observa t ions.

In fact , the structure seen iii the backscatter maps in Figure 7 is very

sugges t ive  of periodic wave s t r u c t u r e . It is evident tha t analyses to

unders tand equu a to r ia l  spread—F w i l l  have to include sources tha t appear

to determine the i n p u t  scale size and i r r e g u l a r i t y  s t r eng th  to , for

exam ple , the collisiona l Rayleigh—Taylor instability. Similar conclusions

have been reached by Rottger (1973, 1976). Future detailed ana lysis of

ALTAIR data will include an evaluation of various nonthermal sources of

periodic perturbations such as traveling ionospheric disturbances (TID).

The question of whether there exists a source that can control the

input irregularity scale size and intensity is an intriguing one , and

one that is directl y relevant to DNA ’s interests . Clearly , the need

for a modu lation source that must operate in conjum’uctiois with an amplifi-

cation source (e.g., a plasnia instability ) to produce the imstense irregu-

larities that can disrupt gigahertz conunsunication chanusels introduces new

problems in the proper extrapolatioms of these results to the nuclear case.
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Appendix

RELATIONSHI P BETWEEN THE MEAN AND THE MEAN OF THE
LOGAR ITHM OF A RAYLEI GH RM~DOM VARIABLE

L i n e a r  and l o g a r i t h m i c  s ignal  detect ion are two of the most common

opera t i o n s  perfornued on a received s ignal  before  i t  is recorded . If t he

o u t p u t  s i gna l  is recorded w i t h o u t  i n t e g r a t i o n, i t  is possible  to d i r e c t l y

eonveu -t  the recorded signa l frouss one forns to the other  (log to linea r ,

or vice v e r s a ) .  Howeve r , very o f t en , the  ou tpu t  s ignal  is in tegra ted

over severa l records before recording (e .g .  , to reduce the data trans—

m i ssion r a t e  or to l i nu i t  the bu lk  of the recorded d a t a ) .  In t h i s  case ,

i t  is not a lways  conven ien t , even if poss ible , to convert the recorded

average s i g n a l  f rom one form to the other. The d i f f i c u l t y  arises because

the log operation is a nonlinear one . In this Appendix , we derive the

r e l a t i o n s h i p  between the  mean and the  m ean of the ( n a t u r a l )  l o g a r i t h m

of a Ray le igh random var iab le , ~~~.

The mea n v a l u e  is d e f i n e d  by

x p (x) dx . ( A — l )
.Lx

For a Ray l eigh d i s t r i b u t i o n ,

x

xp( x)  dx = —~~ e dx . (A —2 )

Therefore ,

1. 2 
- 

2
— I x
x =  —

~~
- e - dx . (A—3 )

Jo

-



- ‘ - - I

But

f 

~~~ e~~~X dx = 
1 ‘ 3~~ 

j~~~a
(2a — 1 )  ,~/T (A—4 )

Le t a = 1 a n d p = ‘—~
-

~~ , then E q .  (A-3) beconses
2~~ 

=

Next , we d e r i v e  the um sean  v a l t u e  of the  l og a r i t h m  of a R a y l e i g h  random
v a r i a b l e .

log x = log x e 
2~~ dx . (A—6 )

Jo

Let r = x , d r  = 2x dx . T h e r e f o r e ,

log x J log r e 

- 

dr , (A — 7 )

But

j e~ “~ log x dx = — !(C + log ~) (A—8)

where C = E u l e r ’s com istan t

= .577215 . .

Let is = ~~~~~~~ . There fore ,

log x = ~ [ log (2~~
2 ) - C ]  . ( A—9 )
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Solv i m s g  f o r  ~ its E q .  ( A — 9 )

log (2 c~ ’ ) = 2 log x + (‘

l g  x

= K e 1°l~ 
X (~% — l 0 )

wke re K =

Subs t  i t u t  i ng E q .  ( .- \ — I 0)  i n S  u - u  I q , .\—:)

= K4~ 
g x ( A — l l )

l h s t ’ m ’ C f O i ’ ( ’  , C 15 rc i a l t  ( I t o  1~~~~~ x iv a (‘ - uuist ant

.1 i s o  - u t  l u s t ’  i t  st is l is t - u t  l a m  u o m s s h i  i p i i  x aisd log x to  x

x
3 2

dx . ( A — l 2 )

X X (I X 
- ‘I & - m  r —‘~~

- , dr  = —~~~~~. U s t u - t -  t o r e ,

= 2~~~~
2 ( r ~ -r  

dr
./0

a mid
‘5

x 2c~
” 

. (i~— l 3 )

37



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ ~~~~~~~~~~ - - ~~~~~~~
--

~~~~~~~ -~~~~~~~

- Fro mmi E q .  (A — 5 )

2 4 — 2x ~~— x  (A—14)

and f rom Eq.  ( A — l l )

= 9K2(e
b0~ ~)2 

( A — l 5 )
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